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[57] ABSTRACT 

A pressure measurement system includes a diaphragm 
and a chamber for exposing one side of the diaphragm 
to a fluid. A force transducer is provided for measuring 
force exerted by the fluid on the one side of the dia- 
phragm independent of diaphragm position. A ferro- 
magnetic plate is attached to the diaphragm to enable 
removable coupling of the diaphragm with a magnet 
permanently attached to the force transducer. 

15 Claims, 3 Drawing Sheets 
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Other prior art systems have utilized a second, closed 
PRESSURE TRANSDUCER pneumatic or hydraulic system on an opposite side of 

MAGNETICALLY-CX^UPLED ISTERFACE the diaphragm and apparatus for measuring the pressure 

CX>MPL£MENnNG MINIMAL DIAPHRAGM in the second system caused by motion of the dia- 
MOVEMENT DURING OPERATION 5 phragm m response to a primary fluid. 

In this system, the secondary fluid in the closed pneu- 

This application is a continuation-in-part of U.S. Scr. matic system eliminates the position requirement on the 
No. 07/893,331, filed Jun. 3, 1992, now abflaidoned. diaphragm necessitated by the spring system, but is still 

' subject to saturation. However, it also adds a require- 

FIELD OF THE INVENTION iq ment of an absolutely no-leak system, since any volume 

The present invention generally relates to a pressure lost on the nonsterile side of the diaphragm, after the 
measurement system and more particularly is rdated to diaphragm is first attached, is lost, 
a pressure monitoring system for ophthalmic instru- This loss of volume makes saturation more likely, and 
ments such as a Phaoo instrument for removing the ^^^^ ^ the possibOity of compressing the volume 
crystalline lens from an eye. nonsterile side of the diaphragm as it is installed, 

TypicaUy, cataracts, or crystalline manifestations, in creating a pressure ofEset 
an eye are removed by fragmentation thereof which ^ sunilar pnor art system utilizes a second, closed 
may include an ultra-sound driven hollow needle in- pneumatic system on the nonsterile side of the dia- 
serted into the eye through a small incision in the sclera. phragm. However, in this system, pressure is generated 
Removal of the fragmented lens is effected through a ^0 in the second closed system to maintain a constant posi- 
center hole in the needle and involves continuous circu- ^^J" the diaphragm. Measurement of the pressure in 
lation of fluid through the eye which is provided by the ^ second system b a m^urcment of the pressure on 
hoUow needle inserted therein. the st^c side of the diaphragm. 

While eye pressure must be carefully maintained to It should be obvious that this last-mentKmed system 
prevent coUapse of the eye chamber, over-pressure may ehimnates ^e need for a no-leak system and the possi- 
be necessary at times to remove a blockage in the hoi- ^^^^ of satmration. However it rcmtroduces the posi- 
low needle which may be caused by a fr^ented lens. measuremoit requuemen and, m addition, addsthe 
T jj-x- « -J n • ji if J* requirement of a controllable pressure source. This 
In addition, fluid flow m the needle may be reversed to ^ . j n j * 

a *i.fi j jjij c_ secondary pressure source and controlled system also 

refiujc the fluid and dislodge the fragmented lens from 3^ ^ i„duce the possibility of servo oscUlation. 
the hollow needle. Dunng tins opaation, it is. of The apparatu^ in accordance with the present inven- 
course, ncces^ to monitor and mamtam eye pressure ^^^^^ measurement of pressure through the 

prwdectcd absolute maimnum level. ^ measurement devices without the necessity 

Faflure to measure and control flmd pressure durmg -^^^ measurement systems. In addition, precise 

the removal process may result m die formaton of a 35 measurement of the diaphragm position is not required, 
large void m the plastic tubmg system leadmg from the ^Iso necessary that the system be sterile and 

needle to a pump utilized in providing the fluid drcula- ^^^^j. disposable or autoclavable and further, the sys- 
tion. In addition, a sudden release of blockage could j^^^ operate to transmit tiie pressure data while 

result in the reduction of pressure m the eye as the void keepmg the liquid system sterile, 
is filled by the liquid from the eye which may not be 40 

replaced with sufficient speed, thereby resulting in the SUMMARY OF THE INVENTION 

collapse of the cornea as hereinabove pointed out. pressure measurement system in accordance with 

Conversely, if there is poor control during the reflux the present invention generally includes a diaphragm 
process, a large over-pressure may be generated m the and means for exposing one side of the diaphragm to a 
eye which would cause inflation of the eye when the 45 fluid. A force transducer provides means for measuring 
blockage breaks free. force exerted by the fluid on the one side of the dia- 

A number of peristaltic pumps have been developed phragm without significant movement of diaphragm 
for use with Phaco instruments such as described in position. This force measurement eliminates a number 
U.S. Pat. No. 5,230,614, entitled "Reduced Pulsation of practical problems associated with the changing 
Tapered Ramp Puinp Head," assigned to the assignee of 50 characteristics of the diaphragm as a function of its 
the present application. This above-referenced patent is position. That is, the actual diaphragm displacement is 
incorporated herein by specific reference thereto. not, in fact, measurec^ rather, the force exerted on the 

Heretofore, pressure measurement systems, utilizing diaphragm is directly measured which relates to a true 
a diaphragm for the isolated measurement of pneumatic measure of the pneumatic or hydraulic pressure exerted 
or hydraulic pressure, have incorporated the diaphragm ss on the other side of the diaphragm, 
in a number of different structural configurations. Naturally, since displacement is not measured, the 

First, the diaphragm has been attached to known need for a calibrated spring, for example, to relate force 
spring systems in order to determine the motion of the displacement is not required. 

diaphragm in response to pneumatic and/or hydraulic Lnportantly, means are also provided in accordance 
pressure. This is a traditional method of measuring pres- 60 with the present invention for removably coupling the 
sure and is commonly used in many mechanical gauges force transducer means to an opposite side of the dia- 
and pressure transducers. However, since onlimited phragm. This feature enables the measurement portion 
diaphragm motion is not possible, saturation may occur. of the system to be removed from the diaphragm which 
This condition effectively puts a maximum pressure may thereafter be sterilized by autoclaving or, if it is a 
measurement limitation on the system. Further, this 65 disposable system, replaced by a new, sterile dia- 
system reqiures accurate position measurements and phragm. 

(haphragm characteristics also affect the linear perfor- More particularly, a chamber for disposing the one 
mance of the measurement system. side of the diaphragm to remove it may include a fluid 
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inlet axid a fluid outlet, and the diaphragm may be seal- front halves 48 and 50 may be plastic welded or glued 
ably di^>osed across an opening m the chamber. A together to form the cassette 10. In this instance, a 
ferromagnetic plate attached to the diaphragm and a lower grade of plastic for the cassette 10 may be em- 
magnet attached to the force transducer means provide ployed. 

means for removably coupling the force transducer 5 AJtematively, if the cassette is to be reused, the rear 

means to an opposite side of the diaphragm. and front halves 4S and 50 may be snapped or screwed 

The magnet may be a permanent magnet or an dec- together in any suitable fashion in order to facilitate 

tromagnetic device, and means may be provided for disassembly of the cassette 10. In this instance, the rear 

detecting positive magnetic coupling between the mag- and front halves 48 and 50 should preferably be formed 

net and the plate. While unnecessary to the operation of 10 from a plastic suitable for autoclaving. 

the present invention, this device acts as a security sys- The rear half 48 includes a channel 50 in order to 

tem for ensuring that signals from the force transducer provide a means for supporting an aspiration tube 58 

are, in fact, caused by pressure exerted in the dia- when the rear half 48 is assembled to the front half to 

phragm. fonn the housing 42. Openings 62, 64 in the rear half 

With specific reference to the chamber, it may in- 15 and front half 48 and 50, enable access to the aspiration 

elude a cylindrical shape with the opening scaled by the tube 58 for contact with the peristaltic pump head 14. A 

diaphragm being disposed in a flat end of the chamber. manifold 66 includes nipples 68, 70 which provide 

In this configuration, the fluid inlet and outlet means are means for connecting the aspiration tube 58 with the 

disposed in curved portions of the chamber. waste line 38, 

BRIEF DESCRIFnON OF THE DRAWINGS A pressure ttansducer measurement sys^^^ 

phragm assembly, 74, m accordance with the present 

The advantages and features of the present invention invention, generally includes a housing 76 with an 

will be better understood by the following description upper inlet 78 which provides a means for connecting 

when considered in conjunction witfi the accompany- the aspiration tube 58 to the aspiration line 24. The 

ing drawings in which: 25 diaphragm assembly 74 will be described in greater 

FIG. 1 is a schematic representation of a Phaco sys- particularity hereinafter, 

tem in which the present invention may be used to The manifold 66 may be formed from a suitable plas- 

advantage showing a tubing management system; tic and include a slot 80 for eoablmg attachment of the 

FIG. 2 is a perspective view of the tubmg manage- manifold 66 to a rib 82 molded into the rear half 48 of 

ment system as it may be inserted into a console drawee 30 the housing 4Z A Y formed mto the manifold 66 in- 

FIG. 3 is an exploded perspective view of the tubing eludes an external nipple 88 communicatL^g with nip- 
management system in accordance with the present pies 92, SW which provides means for connecting the 
invention; irrigation line 32 to both the aspuration line 24 and the 

FIG. 4 is an exploded perspective view of the pres- irrigation line 22 of the surgical device 16. 

sure measurement system; 35 An upper transfer tube 100 interconnects the nipple 

FIG. 5 is a perspective view of an alternative embodi- 92 with a lower inlet 102 in the diaphragm housing 

ment ofthe pressure measurement system in accordance while a lower transfer tube 104 connected with the 

with the present invention showing a chamber, dia- lower nipple 94 is connected by nipples 108, 110 to the 

phragm, force transducer and magnet system for con- irrigation line 22 of the surgical instrument 116. 

pling the force transducer to the diaphragn^ and 40 The upper transfer tube 100 is centered in the opening 

FIG. 6 is a cross-sectional view of the pressure mea- 114 in the front half 50 and the lower transfer tube 104 

surement system shown in FIG. 5 taken along the Sec- is centered in opening 116 in the front half and the 

tion 5—5. openings 114, 116 provide a means for enabling the 

DETAILED DFSruTPTTnv OF TWP regulation of irrigation fluid flow in the irrigation line 

DETAILED DKCM^ION OF THE 3^ ^^^^^^ 22 and aspiration line 24 

of the surgical instrument 16. 

In FIG. 1, there is shown a tubing management sys- Bridges 120, 122 formed m the rear half 48 and span- 

tem (or cassette) 10, in which the present invention may ning the openings 114, 116 respectively provide a means 

be used to advantage along with an instrument console for enabling the transfer tubes 100, 104 to be com- 

12 having a peristaltic pump head 14 (see FIG. 2) and a 50 pressed thereagainst, as hereinafter described, in order 

surgical instrument 16 (see FIG. 1). to regulate the fluid flow in the transfer tubes 100, 104 

As hereinabove described, the present invention is and thereby divert irrigation fluid from the BSS line 32 

used in conjunction with the surgical instrument or into either the irrigation line 22 or aspiration Ime 24 of 

handpiece 16 for ophthalmic surgery, requiring irriga- the surgical instrument 16. 

tion and aspiration of fluids. As will be hereinafter dis- 55 As hereinabove described, the diversion of irrigation 

cussed in greater detail, the cassette 10 is connected fluid from the line 32 into the aspiration line 24 of the 

with an irriga.tion line 22 and an aspiration line 24 for surgical instrument is made in order to free blockages 

providing fluid communication between the surgical which may occur in the aspiration line 24 from time to 

handpiece 16 and a source 30 of balanced saline solution time. Importantiy, the irrigation of fluid is diverted 

(BSS) through a BSS line 32 and also with a waste 60 through the diaphragm housing in order that the pres- 

receptacle 36 through a waste line 38. All these are sure thereof during back flushing ofthe aspiration line 

diagrammatically represented in FIG. 1. As also will be 24 may be monitored. 

described hereinafter in greater detail, the cassette 10 As shown in FIG. 2, the console drawer 44 is sized 

includes a housing 42 (FIG. 3) which is sized for inser- for accepting the cassette 10 in the manner illustrated 

tion into a drawer 44 in the console 12 (FIG. 2), 65 with the aspiration tube 58 to a curved portion 126 of 

The housing 42 may consist of the rear half 48 and a the drawer 44 and forced against pump head roUeis 14 

front half 50 which is formed from any suitable plastic when the drawer 44 is closed with the cassette 10 

material. If the cassette 10 is disposable, the rear and therein. 
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Any conventional peristaltic pump head 14 with roi- Turning now to FIGS. 5 and 6. there is shown an 

lets 14 may be utilized in conjunction with the curved alternative pressure transducer measurement system 

surface 126 to effect a peristaltic-type pumpmg of fluid 210, in accordance with the present invention, generally 

from the aspiration line 24 of the surgical handpiece 16 showing a diaphragm 212, a force transducer 214, a 
when the pump head is rotated. The pump head and 5 ferromagnetic plate 216, a magnet 218, and a chamber 

curved surface may be as described in U.S. Pat No. 220. 

5,230,614, entitled "Reduced Pulsation Tapered Ramp The chamber 220, which may be formed from any 

Pump Head". This referenced patent is incorporated suitable material, may have a diameter of about U 

into the present application, in toto, by this specific inches and provides a means for exposing one side 226 

reference thereto. of the diaphragm 212 to a fluid disposed in an inside 230 

Also included in the console are solenoid-activated of the chamber 220. 

plungers 130, 132 which, when activated, move out- As herdnafter described in greater detail, the ferro- 

wardly from the console to engagement with the trans- magnetic plate 216 and magnet 218 provide a means for 

fer tubes 100, 104 respectively through the holes removably coupling the force transducer 214 to an 

114,116, in order to compress the transfer tubes 100, 104 opposite side 234 of the diaphragm 212. 

against the bridges 120, 122, respectively, in order to In providing a means for exposing the one side 226 

divert irrigation fluid from the irrigation hne 32 to the diaphragm to the fluid, the chamber 220 includes a fluid 

diaphragm faousmg 76 or directly into the irrigation hne inlet 238 and a fluid oudet 240 disposed in opposing 

22 of the surgical handpiece 16. positions in a curved portion 244 of the chamber 220. 

The plungers 130, 132 may be activated and operated ^ The magnet 218 is permanently attached to the trans- 

in any conventional manner through switches in the ducer 214 and may be of any suitable type, either elec- 

console 12 or by remote control, as may be desired. tromagnctic or permanently magnetic. The transducer 

As illustrated in FIG. 4, the pressure transducers 214 is attached to a surface 246 disposed within the 

measurement system 74 generally includes a cap 140, console 12. 

which is ultrasonically welded to the rear half 48 m an If an electromagnet is used, suitable coupling by 

opening 142 therein. The diaphragm 144 is disposed means of wire 248 to a control unit 250 may be utilized 

over an opening 146 in the front of the housing 76 and for mterrupting the current flow to the electromagnet, 

secured and sealed therein by the retainer 150 which is thus decreasing, or eliminating, the magnetic couphng 

ultrasonically scaled to the housing 76. A ferromagnetic to the plate 216 for enabUng separation of the magnet 

disk 154 is bonded to the diaphragm 144 and provides 218 and transducer 214 from the plate 216. 

means for removably coupling the diaphragm to a trans- After removal of the magnet 218 and the transducer 

ducer 158 (see FIG. 2) disposed in the instrument con- 214 from the plate 216, the chamber 220 and diaphragm 

sole 12 when the cassette 10 is inserted into the instm- may be autoclaved or otherwise sterilized without af- 
ment console drawer 44. 35 fecting the transducer 214 and permanent magnet 218. 

The force measurement provided by the system 74 After sterihzation, the transducer 214 and magnet 218 

eliminates a number of practical problems associated may be recoupled to the plate 216 as shown in FIGS. 5 

with the changing characteristics of the diaphragm as a and 6. Alternatively, in a disposable system, a replace- 

function of its position. A pennanent magnet attached ment chamber (not shown) identical to the chamber 220 
to the transducer couples with the ferromagnetic disk 4^ shown in the figures may be coupled to the transducer 

154 when the cassette 10 is disposed m the drawer 44 214 via the permanent magnet 218 as described. There- 

and closed so that the magnet 166 is abutted with the upon, selection of the permanent magnet and the cou- 

disk 154 to effect the coupling therebetween (see FIG. pling force between the magnet 218 and the plate 216, a 

2). Simultaneous with the closmg of the drawer, plung- ferromagnetic substance, may be determined by easy 

ers 130, 132 are positioned in a spaced-apart relationship 45 experimentotion and, of course, will vary with the di- 

with the transfer tubes 100, 104 in order that engage- mensions of the diaphragm, plate and transducer 214 

ment therewith may be effected by the movement, or requirements. 

displacement, of the plungers so as to selectively engage As shown, the diaphragm 212 is disposed across a 
and compress the transfer tubes 100, 104 against the circular opemng 256 and sealed thereto along an mside 
bridges 120, 122 respectively, 50 surface 260 of the chamber 12. This attachment may be 
The diaphragm housing 76 may be coupled to the by adhesive or any other bonding system which pro- 
irrigation line 22 by means of the nipple 170 and there- vides a leak-tight engagement between the surface 260 
fore enables irrigation fluid diverted through the trans- and the diaphragm 212. 

fer tube 100 by sealing of the transfer tube 104 against Similarly, the opposite side 234 of the diaphragm 212 

the bridge 122, into the aspiration line 24. Alternatively. 55 is permanentiy attached to the plate 216 by means of 

when the transfer tube 100 is compressed against the adhesive or any suitable means for bondmg of the plate 

bridge 120, irrigation fluid flows into the irrigation line 216 to the diaphragm 2U in a manner enabling auto- 

24 through the transfer tube 104. claving of the diaphragm 212 without separation. Such 

When irrigation fluid is diverted into the aspiration bonding techniques are well known in the art 

line 24, the peristaltic pump head may be stopped to 60 While the diaphragm 212 may be formed from any 

prevent aspiration of the irrigation fluid directly from suitable material, it is expected that it would be formed 

the diaphragm housing 76. from a thin silicon material, for example, about 13 mils 

During both normal flow of irrigation fluid through thick. In order to enable free movement of the dia- 

the transfer tube 104 and during the back flush of fluids phragm in response to the pressure of the fluid within 

through the transfer tube 100 mto the aspiration Ime 24, 65 the chamber 220, a circular pleated portion 264 may be 

it is important that the diaphragm assembly 74 be opera- formed in the diaphragm 212, with the pleated portion 

tive for cnablmg pressure measurement on a continuous having a diameter greater than the diameter of the plate 

basis in order to monitor the pressure. 216. 
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Because the transducer 214 responds only to the force a diaphragm; 

exerted by the diaphragm thereon, throu^ the magnet means for exposing one side of said diaphragm to a 

218, the exact position of the diaphragm 212 with re- fluid; 

spect to the opening 256 and remaining chamber inte- force transducer means for measuring force exerted 

rior 230 is not important in the operation of the device. S by said fluid on said one side of said diaphragm 

This is a significant improvement over prior art devices with mfnfmal movement of diaphragm position; 

which are based on displacement of a diaphragm to and 

measure pressure. means for removably coupling said force transduce 

While not necessary for the operation of the present means to an opposite side of said diaphragm, the 

system 210, a magnetic detector 270 may be installed in 10 means for removably coupling comprising a ferro- 

apositionsensitive to the presence of the plate 216. This magnetic plate attached to said diaphragm and 

detector 270 may be of any suitable type and may be magnet means, attached to said force transducer 

operated by sensing the magnetic flux of the magnet means, for removably engaging the ferromagnetic 

218. When the magnet is properly coupled to the plate plate. 

216, the magnetic flux exterior to the magnet 218 and 15 2. The system according to claim 1 wherein said 

plate 216 is significantly less than when the magnet 218 means for exposing one side of said diaphragm to a fluid 

and the plate 216 are separated. comprises a chamber having a fluid inlet and a fluid 

This provides a means for determining proper cou- outlet and said diaphragm is sealably disposed across an 

pling. The detector 270 may be interconnected by wires opening in said chamber. 

272 to the control system 250 for this purpose. The 20 3. The system according to claim 2 wherein said 

control system 250 may be any appropriate state-of-the- magnet means comprises an electromagnet. 

art electronic circuit suitable for interconnection with 4. The system according to claim 2 wherein said 

the magnetic detector 270 and either indicating a non- magnet comprises a permanent magnet. 

coupled configuration and/or providing a signal for 5. The system according to claim 4 wherein said 

interrupting fluid flow into the chamber 220 when a 25 chamber has a cylindrical shape and said opening is 

coupling is not proper. disposed in a flat end of the chamber. 

Thus, the system 210, in accordance with the present 6. The system accordmg to claim 5 wherein said 

invention, provides a method of measuring pressure opening, diaphragm and plate are circular, 

through the use of a force transducer 214 which basi- 7. The system according to claim 6 wherein said fluid 

cally allows the diaphragm 212 to remain substantially 30 inlet and outlet are disposed in a curved portion of said 

stationary. That is, there are no position measurement chamber. 

requirements necessary as in prior art systems. In addi- 8. The system according to claim 7 further compris- 

tion, the nonsterile side of the diaphragm 212 is free ing means for detecting magnetic coupling between the 

from pneumatic or hydraulic contact with many prior magnet and the plate. 

art systems involving a secondary closed pneumatic or 35 9. A fluid pressure measurement system comprising: 

hydraulic system. a chamber having a fluid inlet and a fluid outlet, said 

Further, the force transducer 214, which may be a chamber fixrther including means for defining an 

strain gauge, such as, for example. Model MTX220A opening therein; 

manufactured by Motorola, is not subject to mechanical a diaphragm sealably disposed across said opening 
overload and inherently remains stable for long periods 40 force transducer means for measuring force exerted 

of time. ' on said diaphragm by the fluid in the chamber; and 

With proper selection of a diaphragm and transducer, means for removably coupling said force transducer 

the system can measure pressures both greater or less means to said diaphragm, the means for removably 

than atmospheric pressure, and saturation will not coupling comprising a ferromagnetic plate at- 

occur if the force transducer 214 is sealed. 45 tached to said diaphragm and magnet means, at- 

Because the diaphragm is uniformly supported and tached to said force transducer means, for remov- 

sealed across the opening 256, when no pressure is pres- ably engaging the ferromagnetic plate, 

ent in the chamber 220, the resilient natxire of the silicon 10. The system according to claim 9 wherein said 

diaphragm 212 will automatically center within the magnet means comprises an electromagnet, 
opening which eliminates any long term drift or perma- 50 11. The system according to claim 9 wherein said 

nent offset of the diaphragm. magnet comprises a permanent magnet. 

Although there has been hereinabove described a 12. The system according to claim 11 wherein said 

specific pressure measurement system in accordance chamber has a cylindrical shape and said opening is 

with the present invention, for the purpose of Olustrat- disposed in a flat end of the chamber, 
ing the manner in which the invention may be used to 55 13. The system according to claim 12 wherein said 

advantage, it should be appreciated that the invention is opening, diaphragm and plate are circular, 

not limited thereto. Accordingly, any and all modifica- 14. The system according to claim 13 wherein said 

tions, variations, or equivalent arrangements, which fluid inlet and outlet are disposed in a curved portion of 

may occur to those skilled in the art, should be consid- said chamber. 

ered to be within the scope of the present invention as 60 15. The system according to claim 14 fiirther com- 

defined in the appended claims. prising means for detecting magnetic coupimg between 

What is clanned is: the magnet and the plate. 

1. A pressure measurement system comprising: 

65 


* * * • * 
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